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ABSTRACT

Apparatuses and methods are provided where a predefined
voltage may be applied in a feedback circuit of a voltage
regulator, the feedback circuit coupling and output terminal
with an adjust terminal of the voltage regulator.
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1
APPARATUS PROVIDING AN OUTPUT
VOLTAGE

TECHNICAL FIELD

The present application relates to techniques for providing
an output voltage, for example, by employing a low-dropout
voltage regulator.

BACKGROUND

Apparatuses are known which provide an output voltage at
a constant value. One kind of such apparatus is a low-dropout
voltage regulator. Here, by means of a feedback circuit, the
output voltage is provided at a comparably small difference
with respect to a reference voltage. Sometimes the ratio of
output voltage with respect to the reference voltage is referred
to as gain of the low-dropout voltage regulator. Devices are
known which provide a fixed gain typically being larger than
unity. However, the fixed character of the gain may impose
certain restrictions on system design of electronic circuits. In
this regard, increased flexibility in the control of the gain of a
low-dropout voltage regulator is sometimes desirable.

BRIEF DESCRIPTION OF THE DRAWINGS

Tlustrative embodiments will be explained with reference
to the attached drawings, wherein:

FIG. 1 is a schematic block diagram showing an apparatus
according to various embodiments;

FIG. 2 is a schematic circuit diagram showing a low-drop-
out voltage regulator of an apparatus according to various
embodiments;

FIG. 3 is a schematic circuit diagram showing a low-drop-
out voltage regulator and a voltage-to-current converter of an
apparatus according to various embodiments;

FIG. 4 is a schematic circuit diagram showing a low-drop-
out voltage regulator and a two-way switch of an apparatus
according to various embodiments;

FIG. 5 is a schematic circuit diagram showing a low-drop-
out voltage regulator and a multi-way switch of an apparatus
according to various embodiments;

FIG. 6 is a schematic circuit diagram showing a low-drop-
out voltage regulator of an apparatus according to various
embodiments; and

FIG. 7 is a flowchart of a method according to various
embodiments.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

In the following exemplary embodiments will be described
in detail with reference to the attached drawings. It is empha-
sized that the embodiments described serve only for illustra-
tion purposes and are not to be construed as limiting the scope
of the present application.

Features of various embodiments described in the follow-
ing may be combined with each other unless specifically
noted otherwise. Furthermore, describing an embodiment
with a plurality of features is not to be construed as indicating
that all those features are necessary for practicing the present
invention, as other embodiments may comprise less features
and/or alternative features to the ones described or shown in
the drawings. Furthermore, also additional features, ele-
ments, or units known to persons skilled in the art may be
incorporated into the embodiments explicitly described with-
out departing from the scope of the present application.
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2

The attached drawings are to be regarded as schematic
only, and the various elements are not necessarily shown to
scale with respect to each other. Rather, various elements are
shown such that their function and general purpose becomes
apparent. The illustrated circuits could include additional
elements that are not explicitly shown.

In various embodiments as described below, a voltage
regulator is employed which comprises an output terminal to
provide an output voltage, a reference terminal to receive a
reference voltage, and an adjust terminal to receive a feed-
back voltage from the output terminal via feedback circuit
coupled between the output terminal and the adjust terminal.
Sometimes the voltage regulator is also referred to as three-
terminal adjustable regulator. The voltage regulator provides
a constant or fixed output voltage at the output terminal. This
facilitates various applications where a well-defined and
time-constant voltage is desirable. The voltage regulator typi-
cally further comprises an input terminal where a supply
voltage is applied.

For example, the voltage regulator may be a low-dropout
voltage regulator (LDO). A LDO typically provides the out-
put voltage at a comparably small difference to the reference
voltage. For example, the voltage difference between the
output terminal and the reference terminal of the LDO may
amount to 0.3 Volts or less. Yet, it is also possible that various
other types of voltage regulators are employed.

In general, the voltage regulator may be configured to
provide the output voltage at a predefined gain with respect to
the reference voltage. For example, if the output voltage
equals the reference voltage, the gain may be defined as unity.
If the output voltage is larger (smaller) than the reference
voltage, the gain may be defined to be larger (smaller) than
unity. Various definitions of the gain are possible and in a
simple scenario the gain may be defined as the ratio of the
output voltage to the reference voltage. This definition will be
adhered throughout the text for sake of simplicity, but other
definitions are possible.

As mentioned above, in various embodiments an LDO may
find particular application. Hence, in the following reference
is made predominantly to the LDO. However the respective
techniques may be readily applied to various other types of
voltage regulators.

In the following, techniques are described in which a pre-
defined voltage is applied at the output terminal of the LDO.
By such techniques, it is possible to obtain the output voltage
at a gain which may be higher or lower than unity, e.g.,
depending on the predefined voltage. In particular, it is pos-
sible to provide an apparatus where the gain can be controlled
to be larger or smaller than unity. This greatly increases
flexibility in circuit design and enables various applications.

Turning to FIG. 1, an apparatus 100 according to various
embodiments is schematically illustrated. The apparatus 100
comprises the LDO 101. In FIG. 1, exemplary constituents of
the LDO 101 are shown, i.e., an error amplifier 101a, such as
an operational amplifier, and a pass device 1015, such as a
transistor, e.g., a metal-oxide field effect transistor (MOS-
FET). An output of the error amplifier 101« is coupled to an
input of the pass device 1015. Thereby, an output of the error
amplifier 101a controls a current flow through the pass device
1015.

The LDO 101 comprises the reference terminal 111 which
receives a reference voltage V, . Furthermore, the LDO 101
comprises the output terminal 112 where the output voltage
V.. 18 provided. A load 190 may be connected to the output
terminal 112.

As can be seen from FIG. 1, the output terminal 112 is
connected via a feedback circuit 105 with the adjust terminal
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114 of the LDO 101. Hence, the output of the pass device
1015 is coupled with a first input of the error amplifier 101a
corresponding to the adjust terminal 114 as mentioned above.
A second input of the error amplifier, corresponding to the
reference terminal 111, is connected with a reference voltage
source (not shown in FIG. 1). Typically, the error amplifier
1014 aims to minimize the difference between the reference
voltage V. applied at the reference terminal 111 and the
voltage which is applied at the adjust terminal 114.

A supply voltage V ,, is fed to the input terminal 113 of the
LDO 101. This input terminal 113 is connected via the pass
device 1015 with the output terminal 112. As mentioned
above, the current flow through the pass device 10154 is con-
trolled by the output of the error amplifier 101a.

In the embodiment of FIG. 1, a voltage source circuit 150
is coupled to the feedback circuit 105, i.e., between the first
input of the error amplifier 101a and the output of the pass
device 1015, and is configured to apply the predefined voltage
V oms; 10 the feedback circuit 105. In FIG. 1, the voltage
source circuit 150 is schematically shown and various imple-
mentations of the voltage source circuit 150 are possible. For
example, in a simple scenario, the voltage source circuit 150
may be implemented by dedicated voltage source (not shown
in FIG. 1) which applies V.,

If the error amplifier 101« adjusts its output such that a
difference between the voltage applied at the terminals 111,
114 is minimized, then the following equation holds true:

Vout: Vref_ Vconst

Itv,,,~1,thenV, <V, .Hence,V,,/V, <l which cor-
responds to a gain smaller than unity. If V_,,>1, then
Vo™V ,op Hence, V,, /V, >1 which corresponds to a gain
larger than unity.

As has been shown, by appropriately setting V__ . the
gain of the LDO 101 may be set to be smaller or larger than
unity. By such means, the load 190 can be served with a
tailored output voltage V_,,, depending on the desired gain.

In FIG. 2, a more detailed circuit diagram of the apparatus
100 is provided. In FIG. 2, the voltage source circuit 150 is
implemented by a current source 155 which is configured to
apply a predefined current I_,, ., through the resistor 181
labeled R1 in FIG. 2. By appropriately dimensioning the
resistance R1 of the resistor 181, the predefined voltage V_,,, .,
can be obtained. For example, it is possible that the resistor
181 has a variable resistance R1. By such techniques, the gain
of the LDO 101 may be adjusted by adjusting this variable
resistance.

Various implementations of the current source 155 are
conceivable. For example, in a simple scenario, a dedicated
current source may be provided (not shown in FIG. 2). It may
be possible that the apparatus 100 is provided on a chipset
which includes a central bias current generator (not shown in
FIG. 2). The central bias current generator may fulfill various
tasks which do not necessarily need to be in any relationship
with the apparatus 100. It is possible, however, that the central
bias current generator is connected with the apparatus 100 as
the current source 155.

Turning to FIG. 3, yet a further embodiment of the current
source 155 is shown. Namely, in FIG. 3 the current source 155
comprises a voltage-to-current converter 157. The voltage-
to-current converter 157 is coupled to the reference terminal
111 and ofthe LDO 101 is configured to convert the reference
voltageV,, qinto an intermediate current, labeled I, in FIG. 3.
The intermediate current I, flows through a resistor 182
labeled R2 in FIG. 3. The intermediate current may be set by
accordingly dimensioning the constituents of the converter

10

15

20

25

30

35

40

45

50

55

60

65

4

157. This intermediate current is mirrored into the feedback
circuit 105 by a current mirror 158.

Such a setup enables to exploit the reference voltage V, -to
provide the predefined voltage V.., in the feedback circuit
105. This may yield it expendable to provide a dedicated
voltage source and/or dedicated current source to obtain the
predefined voltage V__, .. A system design of the apparatus
100 may be simplified. Moreover, it is possible to set the gain
by appropriately dimensioning the resistances R1, R2 of the
resistors 181, 182, as will be shown below. By such tech-
niques, it is therefore possible to tailor the gain of the LDO
101 by comparably simple means.

As can be seen from FIG. 3, the voltage-to-current con-
verter 157 comprises an operational amplifier, the output of
which is coupled to a gate terminal of a MOSFET; hence the
output of the operational amplifier controls the current flow
between a source terminal and a drain terminal of this MOS-
FET. The drain terminal of the MOSFET is coupled to one of
the inputs of the operational amplifier, thereby constituting a
feedback circuit. This voltage-to-current converter 157
yields:

Ipo= Vre//R2 2),
i.e., the current flow depends on the reference voltage V., -and
the resistance R2 of the resistor 182.

Furthermore, the current mirror 158 comprises two MOS-
FETs whose gate terminals are coupled. Respectively, to the
drain terminals of the MOSFETs of the current mirror 158 the
supply voltage V ,, is applied. This current mirror 158 yields:

1

const

Ygo 3

where Y is a proportionality factor which can be set variably

in various embodiments. For example, it is possible to have

Y=1. Then, combining Egs. (2) and (3) yields:
Ip= Vre//R2

Combining Eq. 4 with Eq. 1, where V.

@)

1 R,,yields:

const ‘const

Vors= Vrej(R2_R /R, (5)-

Thus, the gain of the LDO 101 equals (R,-R,)/R,. Con-
sidering this equation, while—e.g., by using variable resis-
tances R1, R2—the gain may be flexible set to a certain value
smaller than unity, it may be also desirable to flexibly set the
gain to values larger and smaller than unity. In FIG. 4, an
embodiment of the apparatus 100 is shown, which enables to
set the gain to values smaller and larger than unity by employ-
ing a switch 160. In the embodiment of FIG. 4, the voltage
source circuit 150 is implemented by the current source 155
and the resistor 181 having the variable resistance R1. Other
implementations of the voltage source circuit 150, e.g., as
mentioned above, are possible.

The switch 160, in the embodiment of FIG. 4, is a two-way
switch which can be set to a first switch position A and a
second switch position B (cf. FIG. 4). If the switch 160 is in
the first switch position A, then the voltage source circuit 150
is coupled to the feedback circuit 105; if the switch is in the
second switch position B, then the voltage source circuit 150
is excluded from the feedback circuit 105 and the voltage
source circuit 150 does not apply the predefined voltage in the
feedback circuit 105. In this second switch position B, a
resistor 183 labeled R3 is included in the feedback circuit
105, while the feedback circuit 105 is connected via a resistor
184 labeled R4 with mass.

If the switch 160 is in the first switch position A, then—
according to the discussion provided above, e.g., with respect
to FIGS. 2 and 3—the gain of the LDO 101 typically is lower
than unity. If the switch 160 is in the second switch position B,
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then the gain amounts to 1+R4/R3, i.e., is larger than unity.
Thus, by operating the switch 160, the gain of the LDO 101
may be controlled to be smaller or larger than unity.

The output terminal 112 of the LDO 101 draws only little
current; therefore, almost the entire current I_,,, flows to the
load 190 (not shown in FIG. 4), in particular independent of
the position of the switch 160. This results in a comparably
low energy consumption where the currentI__, ., provided by
the current source circuit 155 is used for powering the load
190. Hence, the current source 155 is configured such that the
predefined current I, , flows towards the load 190.

Turning to FIG. 5, the switch 160 has plural sub-positions
of'the first switch position A and ofthe second switch position
B. It is also possible that such sub-positions are either pro-
vided for the first switch position A or the second switch
position B (not shown in FIG. 5).

By such means, a different number of resistors 181, 183,
184 can be selected by appropriately positioning the switch
160 in one of the sub-positions. This enables to control the
gain in, both, the first and second switch positions A, B
according to the techniques as discussed above. In other
words, the LDO 101 may be referred to as being fully pro-
grammable.

In FIG. 6 another embodiment is shown. In this embodi-
ment, a voltage divider 159 is arranged between the input
terminal 113 where the supply voltage V ,, is applied and the
output terminal 112 where the output voltage V. is applied.
In other words, the voltage source circuit 150 is further
coupled to the input terminal 113 of the LDO 101 and further
comprises the voltage divider 159 configured to provide a
predefined fraction of the supply voltage V,,, as the pre-
defined voltage V.o

In such a scenario, it may be particularly simple to provide
the voltage source circuit 150. In particular, only few ele-
ments, e.g., the two resistors 185, 186 forming the voltage
divider may be necessary. Furthermore, it may be possible
that the gain depends on the supply voltage V.. Thus it may
be possible to control the gain by means of the supply voltage
Voo

In FIG. 7, a flowchart of a method according to various
embodiments is shown. The method starts in step S1. In step
S2, the predefined voltage V__,, is applied in the feedback
circuit 105. The feedback circuit 105 connects the output
terminal 112 with the adjust terminal 114 of the LDO 101.
The method ends in step S3.

As can be seen from the above detailed description, various
modifications and alterations are possible without departing
from the scope of the invention. Therefore, the above-de-
scribed embodiments are not to be construed as limiting the
scope in any way, but are merely intended to provide illustra-
tive implementation examples. Moreover, modifications and
alterations described for one of the embodiments may also be
applied to other embodiments described unless specifically
noted otherwise.

What is claimed is:

1. An apparatus comprising:

an output terminal configured to provide an output voltage;

a reference terminal configured to receive a reference volt-
age;

an adjust terminal configured to receive a feedback voltage
from the output terminal via a feedback circuit coupled
between the output terminal and the adjust terminal; and

avoltage source circuit coupled to the output terminal and
being configured to apply a predefined voltage,
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wherein the apparatus is configured as a voltage regulator
that is configured to provide the output voltage at a
predefined gain with respect to the reference voltage,
and

wherein the voltage source circuit is coupled to the feed-

back circuit and is configured to apply the predefined
voltage in the feedback circuit.

2. The apparatus according to claim 1, further comprising
an input terminal configured to receive a supply voltage,
wherein the voltage source circuit is further coupled to the
input terminal and further comprises a voltage divider con-
figured to provide a predefined fraction of the supply voltage
as the predefined voltage.

3. The apparatus according to claim 1, further comprising:

a switch having a first switch position and a second switch

position,

wherein, in the first switch position, the voltage source

circuit is coupled to the feedback circuit and provides the

predefined voltage in the feedback circuit, and
wherein, in the second switch position, the voltage source

circuit does not apply the voltage in the feedback circuit.

4. The apparatus according to claim 3, wherein the switch
has a plurality of sub-positions of the first switch position,
wherein, depending on the sub-position, a different pre-
defined voltage is applied in the feedback circuit.

5. The apparatus according to claim 4,

wherein the voltage source circuit comprises a current

source configured to provide a predefined current
through a plurality of resistors, and

wherein, depending on the sub-position of the switch, a

different subset of the plurality of resistors is included in
the feedback circuit.

6. The apparatus according to claim 1, wherein the voltage
source circuit comprises a current source configured to pro-
vide a predefined current through at least one resistor, thereby
applying the predefined voltage.

7. The apparatus according to claim 6, wherein the at least
one resistor has a variable resistance.

8. The apparatus according to claim 6, wherein the current
source comprises a voltage-to-current converter that is
coupled to the reference terminal and that is configured to
convert the reference voltage into an intermediate current,
and

wherein the current source further comprises a current

mirror that is coupled with the voltage-to-current con-
verter and the feedback circuit and that is configured to
mirror the intermediate current into the feedback circuit
as the predefined current.

9. The apparatus according to claim 6, wherein a load is
connected to the apparatus, wherein the current source is
configured such that the predefined current flows towards the
load.

10. A method comprising:

providing a voltage regulator,

configuring the voltage regulator to provide an output volt-

age at a predefined gain with respect to a reference
voltage; and

applying a predefined voltage in a feedback circuit coupled

between an output terminal and an adjust terminal of the
voltage regulator, the output terminal providing the out-
put voltage and the adjust terminal receiving a feedback
voltage from the output terminal via the feedback cir-
cuit, the feedback voltage being offset against the output
voltage by the predefined voltage.

11. An apparatus comprising:

avoltage regulator comprising an error amplifier and a pass

device, wherein an output of the error amplifier is con-
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figured to control a current flow through the pass device,
wherein an output of the pass device is coupled with a
first input of the error amplifier and wherein a second
input of the error amplifier is coupled to a reference
voltage source node; and 5

a voltage source circuit coupled between the first input of
the error amplifier and the output of the pass device and
being configured to apply a predefined voltage to offset
the output of the pass device against the first input of the
error amplifier. 10

12. An apparatus comprising:

an operational amplifier comprising a first input, a second
input connected to a reference voltage and an output; and

a transistor comprising a gate coupled with the output of
the operational amplifier, a source coupled to a supply 15
voltage, and a drain,

wherein the drain of the transistor is coupled to the first
input of the operational amplifier via a feedback circuit,

wherein the feedback circuit comprises a current source
configured to apply a predefined current and a resistorto 20
offset the output against the first input of the operational
amplifier, and

wherein the drain of the transistor is to be connected to a
load.
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